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ABSTRACT

Introduction:

Hydrazines are highly toxic inorganic liquids that are used as propellants in military and aviation industries, such as the
U.S. Air Force F-16 Emergency Power Unit and SpaceX SuperDraco Rockets. The most commonly used derivatives
include hydrazine, monomethylhydrazine, and 1,1-dimethylhydrazine (unsymmetrical dimethylhydrazine). Industrial
workers in close contact with hydrazines during routine maintenance tasks can be exposed to levels well above the
National Institute for Occupational Safety and Health relative exposure limits.

Materials and Methods:

A systematic review was performed using PubMed, Web of Science, Google Scholar, National Aeronautics and Space
Administration Technical Server, and Defense Technical Information Center, and data related to hydrazine exposures
were searched from inception to April 2020. Publications or reports addressing hydrazine toxicity, pathophysiology, and
treatment of hydrazine fuel exposure were selected.

Results:

Acute toxic exposures to hydrazine and its derivatives are rare. There are few case reports of acute toxic exposure in
humans, and data are largely based on animal studies. The initial search identified 741 articles, manuscripts, and gov-
ernment reports. After screening for eligibility, 51 were included in this review. Eight articles reported acute exposures
to hydrazine propellant in humans, and an additional 14 articles reported relevant animal data.

Conclusions:

Exposure to small amounts of hydrazine and its derivatives can cause significant soft tissue injury, pulmonary injury,
seizures, coma, and death. Neurologic presentations can vary based on exposure compound and dose. Decontamination
is critical as treatment is mainly supportive. High-dose intravenous pyridoxine has been suggested as treatment for
hydrazine-related neurologic toxicity, but this recommendation is based on limited human data. Despite recent research
efforts to generate less toxic alternatives to hydrazine fuel, it will likely continue to have a role in military and aviation
industries. Aerospace and military physicians should be aware of the toxicity associated with hydrazine exposure and be

prepared to treat hydrazine toxicity in at-risk populations.
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INTRODUCTION
Hydrazine is an inorganic, colorless, highly toxic reducing
agent that is used as a propellant in military and aerospace
industries.! Hydrazine was first developed as a fuel by Ger-
man scientists during World War 11,2 and interest in the use
of hydrazine and its alkyl derivatives flourished during the
postwar period.> Hydrazine saw widespread adoption as a
reliable, powerful propellant with liquid properties similar to
water.* Unlike conventional combustible fuels that require
an ignition source, hydrazine can act as both a hypergolic
propellant and a monopropellant.>-® Although these indus-
trial advantages make it ideal for use in specific aviation and
rocket applications, hydrazine poses a threat to human life and
environmental safety. Hydrazine and its derivatives have neu-
rotoxic properties and because of their reducing capabilities,
even small amounts of hydrazine can cause soft tissue injury,
pulmonary injury, seizures, coma, and death.’

The hazards of occupational exposures to jet aircraft
fuels have been reported in the medical literature since the
mid-1950s.2 The wide application of hydrazine fuels and
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resultant risk for potential exposure to personnel prompted
extensive toxicology studies on hydrazine and its methy-
lated derivatives from the late 1950s through the mid-
1980s. These studies serve as the basis for most care and
treatment recommendations for toxic exposures to these
compounds.

Today, over 45,000 metric tons of hydrazines are
produced annually worldwide, with hydrazine, monomethyl-
hydrazine (MMH), and 1,1-dimethylhydrazine (unsymmetri-
cal dimethylhydrazine, UDMH) being the most commonly
used propellant fuels.®!” It is known for its use in the
General Dynamics F-16 Falcon and Lockheed U-2 Emer-
gency Power Units (EPU), SpaceX SuperDraco rockets, and
countless spacecraft orbital maneuvering thrusters.'!~'# For-
tunately, because of the effective safety regulations of mil-
itary and industrial agencies, there are few reported cases
of acute hydrazine exposures in humans.'>-!'® As a result,
the evidence for the mechanisms of hydrazine toxicity and
treatments are based largely on animal studies or isolated
case reports. In this systematic review, the pertinent litera-
ture regarding the toxic effects of hydrazine-based propellants
and the treatments options available to military and industrial
medical providers will be analyzed. Emphasis will be placed
on the acute occupational exposure to these compounds in the
military and aerospace environment.

METHODS

A systematic review of the available literature was performed
for articles and abstracts related to hydrazine exposures. All
human and animal studies, case series, case reports, or reviews
were considered for inclusion in this review. Data were
abstracted systematically from a query of PubMed (National
Center for Biotechnology Information, National Institutes of
Health; Bethesda, MD, USA); Web of Science (Thomson
Reuters; New York, NY, USA); Google Scholar (Google Inc.;
Mountain View, CA, USA); National Aeronautics and Space
Administration (NASA) Technical Server (NASA Langley
Research Center; Hampton, VA, USA); and Defense Techni-
cal Information Center (Fort Belvoir, VA, USA) from incep-
tion to April 2020. A gray literature search was also performed
using OpenGrey (INIST-CNRS—Institut de I'Information
Scientifique et Technique; Paris, France) and Google. The
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines were followed.!” Studies published in
a language other than English without available translation
and articles not specifically addressing acute hydrazine tox-
icity, pathophysiology, or treatment were excluded from this
review.

The search strategy included free-text words (TW) and
controlled vocabulary terms using medical subject headings
(MeSH) for these topics, their synonyms, abbreviations,
and alternate spellings. The primary search string included
(hydrazine[TW]) AND (toxicology[MeSH] OR toxin[MeSH]
OR occupational accidents[MeSH] OR accidents[MeSH] OR
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aviation[Mesh] OR safety[MeSH] OR spaceflight{fMeSH]).
References in each selected publication were also carefully
screened for any additional relevant articles.

RESULTS

The initial search identified 721 articles, and an additional
20 articles were obtained through review of manuscript ref-
erences. Records were screened manually by the authors
for eligibility, and duplicates were removed based on the
title and/or abstract contents. Of the remaining 79 publica-
tions, 28 addressed issues outside the scope of this systematic
review. The remaining 51 articles were included in the review
(Fig. 1). Eight articles reported acute exposures to hydrazine
propellant in humans, which are summarized in Table 1.!8-2°
An additional 14 articles reported relevant animal data. The
remaining articles were review papers, technical reports, or
government documents.

DISCUSSION

The following discussion includes data from acute animal
and human exposures to hydrazine and its derivatives. Long-
term impacts of chronic, low-dose, industrial exposures to
hydrazine (risk of malignancy, etc.) will not be discussed.

Chemical Structure and Exposure Data

Hydrazine (N,H,) is an oily liquid at room temperature,
fumes in air, and has an ammonia-like odor. Fig. 2 displays the
chemical structure of hydrazine and its relevant derivatives.
Workers in close contact with hydrazine during routine main-
tenance tasks can be exposed to levels as high as 5 to 8 parts
per million (ppm), well above the American National Institute
for Occupational Safety and Health (NIOSH)-recommended
ceiling relative exposure limit of 0.03 ppm (0.04 mg/m? 2-
hour time-weighted average).?® The immediately dangerous
to life or health concentration of hydrazine, based on ani-
mal research by Comstock et al. in 1954, is 50 ppm for a
30-minute exposure.’®?’ The alkyl hydrazines have similar
physical characteristics, but may gradually discolor to yellow.
The NIOSH relative exposure limit for MMH and UDMH
are 0.04 ppm (0.08 mg/m?) and 0.06 ppm (0.15 mg/m?),
respectively. The immediately dangerous to life or health con-
centrations for these compounds are 20 and 15 ppm, respec-
tively, based on work by Jacobson et al. in the 1950s in
rodents.?® The odor threshold for most individuals is reported
to be ~2 to 5 ppm, which is several orders of magnitude above
the recommended exposure limit making human detection
both unreliable and clinically concerning during acute and
chronic exposures.”>!'> According to NASA, the 7-day Space-
craft Maximum Allowable Concentration for both hydrazine
and MMH is 0.04 ppm.?

Toxicity and Pathophysiology
Skin Irritation and Soft Tissue Injury

Exposures to hydrazine on the skin can result in either contact
dermatitis or caustic injuries with more significant exposures.
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FIGURE 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram of publications reporting on topics specific to hydrazine

toxicity, pathophysiology, or treatment.

In animal studies where cutaneous absorption of hydrazine
was tested, exposure on the skin resulted in a burned appear-
ance and erythema within 2 minutes, which then progressed
to papules and edema. This initial edema subsided, and
then, the skin progressively darkened and progressed to a
severe chemical burn.>® Human cases of cutaneous expo-
sure come primarily from the electroplating industry where
hydrazine derivatives are used as a reducing agent in chemical
solvents for electroplating. These exposures are generally
mild and involve development of localized erythema consis-
tent with contact or allergic dermatitis. Repeated exposures
lead to development of eczema that resolves after exposure
to hydrazine was removed.?!3> Ocular exposures, typically
from hydrazine vapors, are described to cause conjunctivi-
tis, intense eye pain, miosis followed by mydriasis, corneal
injury, and temporary blindness.”-?° Pathophysiology of the
cutaneous effects of hydrazine and its alkyl derivatives derive
primarily from the caustic nature of hydrazine solutions.
As a strong base, hydrazine and its derivatives can dena-
ture proteins and saponify adipose tissue, similar to other
alkali-caustic burns.”-3?

MILITARY MEDICINE, Vol. 186, March/April 2021

Pulmonary Injury

Inhalation exposures to hydrazine have been associated
with pulmonary edema and effusions. Pulmonary edema
with localized bronchial mucosal damage was observed
in rats exposed to hydrazine.?’ Respiratory arrest in toxic
exposures in animals were typically attributed to the neu-
rotoxic and convulsive effects of the compounds rather
than direct pulmonary injury.?”-** Symptoms of dysp-
nea, sore throat, a burning sensation of nares and face,
and chest tightness have been described after exposure
to hydrazine/UDMH vapor. The exposed individuals were
concluded to have developed pulmonary edema.'’® In a
fatal case of inhalational and possibly cutaneous hydrazine
toxicity, pleural effusions and pulmonary edema were
noted.? It has been suggested that hydrazine causesmore
direct pulmonary injury compared with either MMH or
UDMH.® Pulmonary injury from hydrazine is likely similar
to other irritant volatile compounds and related to its caustic
nature.
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TABLE I. Published Reports of Acute Hydrazine Propellant Toxicity in Humans

Author Subject Exposure Notable symptoms Notable interventions Outcome
Frierson'$ 36-year-old Aerozine 50 Headache, nausea, Pyridoxine 200 mg IV Rapid improvement with
(1965) male vapor (50% diaphoresis, sore throat, and 400 mg IM, dex- full recovery, all labs
hydrazine and chest burning, twitch- amethasone 3 mg IV, normal over the next 3
50% UDMH) ing/clonic movements supplemental oxygen, weeks
of the extremities, isoproterenol inhalation
pulmonary edema
44-year-old Aerozine 50 Severe dyspnea, hyperre- Pyridoxine 200 mg IV Rapid improvement
male vapor (50% active reflexes, bilateral and 400 mg IM, dex-
hydrazine and pulmonary edema amethasone 4 mg IV,
50% UDMH) supplemental oxygen,
isoproterenol inhalation
Reid!? Young male Accidental oral Emesis, progressive loss Thiopentone- Unknown
(1965) ingestion of “a of consciousness, mio- succinylcholine,
mouthful to a sis with progressive mechanical ventilation,
cup” of liquid mydriasis, intermit- intravenous pyridoxine
hydrazine tent agitation, seizures,
ataxia, nystagmus, loss of
vibration
Sotaniemi 59-year-old Hydrazine (multi- Conjunctivitis, tremor, Thiethylperazine, Mental status improved
et al.20 male ple acute doses jaundice, gastrointesti- phthalysulfathiazole, but pneumonia worsened,
(1971) over 6 months) nal bleeding, altered hemodialysis, intravenous leading to multisystem
mental status, fever, B vitamins organ failure and death
hyperbilirubinemia, renal
failure, atrial fibrilla-
tion, tracheitis/bronchitis,
pneumonia
Kirklin 36-year-old Hydrazine 22% Total body surface Mechanical ventilation, Discharged hospital day 38,
et al.?! male industrial area (TBSA) burns, pyridoxine 600 mg IM rapid neurologic recovery
(1976) explosion progressive loss of followed by 1 g infusion after pyridoxine
consciousness, miotic over 3 hours
unresponsive pupils, per-
sistent coma, hematuria,
stridor, hepatic injury,
hyperammonemia
Harati and 24-year-old Accidental oral Altered mental status, Pyridoxine 10 g IV Discharged, persistent
Niakan?? male ingestion of “a hepatic injury, peripheral neuropathy and lower
(1986) mouthful” of neuropathy extremity weakness for 6
liquid hydrazine months
Dhennin 31-year-old UDMH industrial 53% Total body surface Pyridoxine 25 mg/kg, 25% Discharged hospital day
etal.?? male explosion area (TBSA) burns, 1V, 75% IM x 4 doses; 68, persistent liver injury,
(1988) hypotension, reactive ornithine ketoglutarate polyneuritis
mydriasis and miosis, 35 g/24 h, IV, phenobar-
altered mental status, bital 100 mg IM daily,
irregular theta and delta mechanical ventilation
activity on EEG, gastroin-
testinal bleeding, hepatic
injury
Kao et al.?* 31-year-old Hydrazine fuel Headache, dizziness, None required Full recovery, hepatic
(2007) male leak hepatic injury, lower injury resolved by day 28
extremity urticaria
Binyamin 21-year-old Hydrazine vapor Hepatic injury, Intravenous fluids Discharged hospital day 2,
etal.” male rhabdomyolysis hepatic injury resolved by
(2018) day 21

Abbreviations: EEG, electroencephalogram; IM, intramuscularly; IV, intravenously; UDMH, unsymmetrical dimethylhydrazine.

Neurotoxicity

After exposure to hydrazine, MMH, and UDMH, neuro-
logic effects vary from neurologic depression (coma) to
neuroexcitation (seizures). The neurologic toxicity appears
related to the specific compounds and exposure dose in
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both animal studies and human case reports. However, the
data from human exposures are complicated by the fact that
aerospace and military propellants often have mixtures of
hydrazine compounds, creating the possibility of mixed toxic
sequelae.
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FIGURE 2. Chemical structures of (A) hydrazine and its alkyl derivatives, (B) monomethylhydrazine (MMH), and (C) 1,1-dimethylhydrazine (unsymmetrical

dimethylhydrazine, UDMH).

Hydrazine was found to be a strong convulsant at high
doses, but demonstrated depressive effects at low doses.¢-3
Extreme lethargy, lack of muscle tone, and decreased ability
to walk were the primary symptoms noticed in rats exposed
to hydrazine. These animals would remain in a quiescent
state for as long as 24 hours.*® In animal studies, high doses
of hydrazine resulted in seizures, but compared with its
alkyl derivatives, seizures were not as strong and occurred at
doses beyond the median lethal dose (LDsp).2”+3%:3%40 This
is also reflected in human case reports. Central nervous sys-
tem depression has been most commonly described in human
exposures with prolonged periods of decreased mental status
or coma lasting up to 3 days.!%-2!:2?

MMH and UDMH, in contrast, appear to have pri-
marily excitatory effects on the central nervous system,
with MMH being more potent than UDMH. Animal stud-
ies near-uniformly describe tonic-clonic convulsions and
death by respiratory arrest after toxic doses of UDMH or
MMH 34041 Compared with hydrazine, seizures in rats
occurred at doses more closely associated with the LDs of
UDMH and MMH.*® In humans, twitching, hyperreflexia,
and clonic movements were described in two cases of
individuals exposed to a 50:50 mixture of hydrazine and
UDMH (Aerozine 50).'® Agitation and convulsions were also
described in a case of an individual involved in a UDMH
explosion.?* There were no human cases of acute exposure to
MMH found. Generally, the alkyl derivatives are closely asso-
ciated with central nervous system excitation and seizures.

Early animal studies demonstrated that acute exposure
to hydrazine was associated with an elevation of gamma-
amino-butyric acid (GABA) levels in the rat brain, though
it is unclear if this is what causes hydrazine’s depressive
effects. A series of animal studies by Roberts et al. in the
mid-1960s hypothesized that hydrazine exerted its toxicity via
interference with the urea cycle, citing an observed protec-
tive effect of arginine and ornithine against hydrazine toxi-
city. #4243 Later metabolomics studies in rats demonstrated
increased levels of argininosuccinate and Nx-acetylcitrulline
supporting its hypothesized influence on the urea cycle,
though it remained unclear how hydrazine exerted this
effect.** Hydrazine is associated with increased concentra-
tion of ammonia in the cerebrospinal fluid in animal studies.*!

MILITARY MEDICINE, Vol. 186, March/April 2021

Although hyperammonemia was noted in a case of coma
caused by inhalation hydrazine exposure, the patient had
normal cerebrospinal fluid studies.”! Hydrazine’s effects on
the urea cycle and its associated changes in ammonia levels
in animals are hypothesized to be the possible explanation for
hydrazine’s neurologic effects.! Despite this, a clear mech-
anism for hydrazine toxicity on the central nervous system
remains unclear.

In contrast, both UDMH and MMH are thought to exert
neurologic toxicity similar in mechanism to other aliphatic
and aromatic hydrazides (such as isonicotinic acid hydrazide).
Both UDMH and MMH appear to affect GABA synthesis via
interference of the pyridoxal-5’-phosphate (PLP) dependent
glutamic acid decarboxylase (GAD).>* This is thought to be
because of formation of PLP hydrazones, which inhibit pyri-
doxal kinase, resulting in decreased available PLP and subse-
quent decreased GAD activity and reduction of GABA.*3:46
This is supported by observed decreases in GAD activity and
GABA concentrations in rat brains in animals exposed to
UDMH and MMH.* This is further supported by protective
effects of pyridoxine given to animals exposed to UDMH and
MMH.#!

Hepatotoxicity

Exposure to hydrazine in animals caused hepatic damage in
both chronic and acute exposures, demonstrated by changes
in liver enzymes as well as on histopathological examina-
tion.36-47:48.49 In case reports of a non-fatal inhalational expo-
sure to hydrazine, elevation in alanine aminotransferase and
aspartate aminotransferase were noted within 5 hours of expo-
sure, lasting up to about a week, and eventual resolving after
4 to 5 weeks.?*?’ In a human case report of a fatal case of
hydrazine toxicity because of chronic inhalation exposure,
focal hepatic necrosis and cell degeneration were noted.?”
Similarly, individuals with chronic exposure to UDMH dis-
played elevated ALT as well as fatty degeneration on liver
biopsy.”® Studies in animals have noted that hydrazine may
interfere with pyridoxine dependent enzymes in the liver.*?-#*
Since hydrazine is a powerful reducing agent, hepatic injury
could also be because of oxidative stress and depletion of
reduced glutathione.*’
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Hemotoxicity

Animal and human studies have shown that hydrazine and its
derivatives can cause hemolytic anemia, formation of Heinz
bodies, and development of methemoglobinemia.’' Studies
have shown that MMH causes the most severe hemotoxic
reactions.”” At higher doses, hydrazine and UDMH can pro-
duce anemia, but it is less defined than MMH. It is believed
that hydrazine and its derivatives will cause destruction of red
cells by denaturing hemoglobin.’! UDMH may have a sepa-
rate mechanism of action for hemolytic anemia, as it does not
appear to cause development of either Heinz bodies or methe-
moglobinemia. Previous literature in animals showed that
methemoglobinemia can be detected following an acute expo-
sure of 90 ppm MMH for less than 10 minutes.”' Although
not clearly defined, the development of methemoglobine-
mia suggests that oxidant stress plays a role in the anemia
and hemolysis caused by MMH. Of the limited case reports
involving human acute exposures, there were no reports of
methemoglobin development.

Treatment

Treatment of hydrazine exposure involves decontamination,
supportive measures, and pharmaceutical treatment of poten-
tial neurologic sequelae. Given few reports of acute hydrazine
toxicity in humans, treatment recommendations are based
largely on animal studies, observation data, and expert opin-
ion. Patients should be quickly removed from the site of the
spill to minimize exposure to fumes, a minimum of 75 feet.>?
Decontamination is critical to patient care and no patient
should be transported for medical treatment until full decon-
tamination has been completed.>*>* All clothing should be
immediately removed. Hydrazine, UDMH, and MMH are all
miscible in water and can be decontaminated from the skin
or eyes using copious irrigation with water for at least 15
minutes.?6->*

On scene fire and EMS personnel in addition to aerospace
or emergency medical providers should wear appropriate
protective equipment, including gloves, a full protective
suit, a certified vapor respirator, face shield, and rubber
boots until site decontamination can be confirmed by an on-
scene incident commander.>® The source and mechanism of
hydrazine exposure should be investigated immediately, as
treatment decisions may be determined by exposure to spe-
cific hydrazine derivatives and any co-exposures. For exam-
ple, in the F-16, if the EPU fires, as much as 24 g of unreacted
hydrazine vapors are expelled in the exhaust gas.>> However,
despite this risk, approximately 99% of this hydrazine will
be reacted to ammonia and water, which has separate toxicity
and treatments.'!+1?

In previous reports, inhalational injuries are managed pri-
marily with supportive measures from supplemental oxy-
gen to endotracheal intubation for respiratory failure, if
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required.'®?"-23 In symptomatic patients or those with sig-
nificant exposure, a chest X-ray should be obtained.!?:>
Outpatient pulmonary function testing should be included;'?
however, this likely has little practical role in the management
of acute exposures.

Treatment of the neurologic sequelae of hydrazine and its
alkyl derivatives has historically centered on pyridoxine to
mitigate the pathologic effects on pyridoxal kinase. Although
the efficacy is mixed in animal studies,' 25 mg/kg pyridox-
ine has been used in a few clinical cases.'®:1%-21:23 The doses
have been as a mixture of intravenous and intramuscular
administration.'®-2! However, limited physiologic explana-
tion for this dosing has been given in the literature specific
to hydrazine toxicity but it falls within a reasonable mar-
gin of safety.! Similarly to isoniazid toxicity, repeat dosing
may be required if seizures continue.’® In animals, pyridox-
ine has been shown to be more effective in cases of UDMH
and MMH toxicity.*® Transfer to a large, tertiary medical cen-
ter may be required, as few military facilities have intravenous
pyridoxine available.'?

Additional medications utilized to mitigate the excitatory
effects of alkyl-hydrazines have included benzodiazepines
and/or phenobarbital in both humans and animals,'?:23-43-57
Given the suspected differences in mechanisms of toxicity
between hydrazine compared with UDMH and MMH, alter-
native treatment compounds have been explored including
arginine and ornithine in rats. Mixtures of the two amino
acids were observed to be protective against hydrazine toxic-
ity in the animals.*!-*> Ornithine ketoglutarate had been used
once in humans alongside pyridoxine in a patient exposed to
UDMH, but has not otherwise been used.?

There are no studied treatments for the underlying liver
injury associated with hydrazine exposure. However, given
the proposed mechanism of toxicity, n-acetylcysteine could
be considered. Soft tissue injury caused by hydrazines
is managed similarly to caustic burns and, if severe,
may require transfer to a burn center. Previous cases
have required skin excision and grafting with favorable
outcomes.”!

Laboratory analysis during assessment of a patient with a
large, acute exposure should include complete blood count,
metabolic panels, liver function testing, urinalysis, and
methemoglobin level. Labs should be repeated 7 days after
exposure, if appropriate.>* For military flight surgeons and
physicians, after an exposure to hydrazine, the patient should
not return to duty or flight status until all symptoms have
resolved, including any radiographic and laboratory abnor-
malities. As noted by Cromar etal., the U.S. Air Force
Aeromedical Consultation Service, the U.S. Army Aeromed-
ical Activity Center, nor the U.S. Naval Aerospace Medical
Institute require a waiver for return to flight once aviators once
symptoms resolve and laboratory and radiologic testing has
returned to baseline.>
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Future of Hydrazine

Hydrazine fuel is used in a variety of military and aerospace
applications, in part because of its unique and reliable prop-
erties. Hydrazine can be used as either a hypergolic pro-
pellant, where a fuel and oxidizer spontaneously combust
when combined, or as a monopropellant, where hydrazine
interacts directly with a catalytic bed. Hydrazine provides
the aerospace and military industries a unique propellant.
Its applications are limited, however, because of its toxi-
city. For decades, The U.S. Air Force, NASA, European
Space Administration, and private defense contractors have
funded research to develop propellants with properties sim-
ilar to hydrazine, but without the toxic side effects.®>%:3° In
some circumstances, the need for hydrazine has been negated
by advances in engineering. For example, the fifth-generation
single-engine F-35 fighter does not rely upon a hydrazine
EPU. Unlike the F-16’s hydrazine powered EPU, the F-35
has a Power and Thermal Management System that relies on
alternative sources of power in emergency situations.®

In circumstances where reliable hypergolic and monopro-
pellant fuels are required, increasing focus has been placed
in the development of Reduced Hazard Propellants or “green
fuels.”®>° The ideal propellant is one with low toxicity and
low volume, provides reliable energy, is easy to store, and
is low cost. In June 2019, NASA launched the Green Pro-
pellant Infusion Mission to test hydroxylammonium nitrate
(NH30OHNO3), also known as “AF-M315E, and a proposed
alternative to monopropellant hydrazine.”®! This fuel was
developed by the Air Force Research Lab and can be safely
handled in open containers without need of respiratory protec-
tive equipment.®? It is hoped that these Reduced Hazard Pro-
pellants may provide ideal alternatives to hydrazine, negating
the need for military and aerospace use of the toxic propellant.

CONCLUSION

Hydrazine, MMH, and UDMH are three highly toxic propel-
lants used commonly in the military and aerospace industries.
Although there are limited reports of human toxicity, there is
evidence that hydrazine and its derivatives can cause severe
neurologic, pulmonary, hepatic, hematologic, and soft tissue
injury. Treatment relies mainly upon supportive care. High-
dose pyridoxine may be required for treatment of neurologic
sequelae. Research is ongoing to replace hydrazine with less-
toxic alternatives, negating the need for continued use of the
highly toxic propellant.
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